This study evaluated the infl uence of beverages and brushing on the surface roughness(SR) and color change(∆E) of a composite resin. For this, 120-disks(10 mm×2 mm) of composite resin(Filtek-Z250) were prepared and polished. Initials SR(Ra-μm) and color(CIELabsystem) were measured with rugosimeter and spectrophotometer; specimens were divided into four groups(red wine, soft drink, sugar cane spirit, or artifi cial saliva=control) and three subgroups(without brushing; brushed with Colgate or with Close-Up). Specimens were immersed in the beverage 5×/day, for 5', over 30 day, being two subgroups brushed(120 strokes/day). Color was measured at 15th day, 30th day and after repolishment; SR at 30th day. ∆E-values were statistically different after immersion in the beverages(p<0.05). Red wine promoted the highest alteration, followed by soft drink=sugar cane spirit and fi nally saliva. At 30th day, specimens exhibited ∆E higher than 15th day; after repolishing, ∆E was similar to 15th day. Beverages and brushing negatively infl uenced the SR. Therefore, ∆E and SR can be infl uenced by beverages and brushing.
INTRODUCTION
Resin composite restorations have begun to constitute a signifi cant portion of dentists' routine practice due to patients' great demand for an esthetic appearance 1, 2) , and this is possible due to the rapid development of new restorative materials 3) , allowing their use in both anterior and posterior restorations 4, 5) . However, failure or success of any esthetic restoration depends on the color match and the color stability of the material 3) . The structure of the resin composite and the characteristics of the particles have direct impact on the surface smoothness and the susceptibility to extrinsic staining 6, 7) . Intrinsic factors, such as the resin matrix of composites 8) and incomplete polymerization 9) , have a considerable infl uence on color stability. This is usually attributed to chemical degeneration of the fi ller-resin bond and solubility of the resin matrix 10) . Besides the materials composition, the fi nishing and polishing procedures may also infl uence the composite surface quality and can therefore be related to the early discoloration of this material 11) . The roughening of the surface caused by wear and chemical degradation may also affect gloss and consequently increase the extrinsic staining 12) . Also, the water sorption may cause softening of the resin matrix, degradation of resin, reduction of stain resistance 13) , and changes in translucency 14) . Moreover, external discoloration can be the result of dietary and smoking habits, bad oral hygiene and adsorption or absorption of water-soluble stains throughout the resin matrix 15) . Biofi lm-covered resin restorations are susceptible softening caused by organic acids produced in biofi lm, producing surface texture alteration and, consequently, may be liable to pronounced surface staining 16) . Previous studies 17, 18) concerning color stability have shown that drinks (such as coffee, tea, red wine, and cola) and mouth rinses have varied degrees of staining effect on auto-and light-cured composite resin. The staining potential of these drinks and solutions vary according to their composition and properties 19) . Once staining has occurred, brushing with toothpaste, repolishing, and bleaching procedures 20) can remove the stains partially or even totally. Polishing procedures, although remove material from the composite surface, can remedy highly stained composites 17) . Finishing the composite surface with a celluloid strip can produce the smoothest composite surface, but the celluloid strip fi nished composite surface discolors more than a polished one 9) . Therefore, it is recommended that composite resins should be fi nished and polished in the appropriate time, because early fi nishing and polishing result in greater staining susceptibility 21) . While studies 22, 23) have shown that the surface roughness of composite resins have a direct infl uence on susceptibility to staining, others 6, 7) have reported no correlation between surface roughness and staining susceptibility. The surface roughness of the composite is usually dictated by size, hardness and quantity of load particles, which infl uence the mechanical properties of composites, the fl exibility of organic matrix, hardness and size of the abrasive 24) . However, there is lack of studies to assess the infl uence of beverages in the color stability of composite resins associated to brushing. So, the objective of the present study was to evaluate the color stability of a composite resin immersed in different solutions, associated or not to brushing. The tested hypothesis was that the beverages, associated or not to brushing, would signifi cantly increase the color change values compared to control group.
MATERIALS AND METHODS
The study factors were: 1) solutions in four levels (red wine, soft drink, sugar cane spirit and artifi cial saliva), 2) brushing in three levels: one control (without brushing=GA) and two experimental groups (brushed with Colgate=GB; brushed with Close-Up Xtra Whitening= GC). The experiment sample was composed by 120 specimens of composite resin, divided into 12 groups/subgroups (by combining the levels of factors solutions and brushing). Separately was analyzed the immersion period (15 days and 30 days) and re-polish. The quantitative variables of response were color alteration and surface roughness.
The composite resin (Z250- Table 1 ) was manipulated according to the manufacturer's instructions. A stainless steel matrix (ø=10 mm; thickness=2 mm) was used for specimen preparation. The resin composite was inserted into the matrix cavity in a single increment and covered with an acetate strip. In order to compact the material and prevent void and bubble formation, a microscopic slide with a 500 g weight on it was placed over the resin composite/matrix ensemble, producing specimens with smooth, highly fl at surfaces. After one minute, the weight was removed and the resin was light cured for 20 s through the glass slide, by means of the tip of a visible light-curing unit with 900 mW/cm 2 output (Jetlite 4000, J Morita USA Inc, Irvine, CA, USA).
The obtained specimens were kept in artifi cial saliva and stored in oven at 37ºC (±1ºC). After 24 h, the experimental units were submitted to fi nishing and polishing with Super-Snap discs (Shofu Inc, Kyoto, Japan), using medium and fi ne granulation. As a result, the specimens were polished with felt discs and diamond paste (KG Sorensen Ind/Com Ltd, Barueri, SP, Brazil) of 6 μm and 3 μm. At the end of these procedures, the specimens were washed with distilled water for 30 s, dried with paper towels and immersed in artifi cial saliva for more 24 h at 37ºC.
Before the cycling/brushing, the original color of each specimen was analyzed with a spectrophotometer (Color guide 45/0, PCB 6807 BYK-Gardner GmbH, Gerestsried, Germany). This handheld portable equipment is unique as it measures color and gloss attributes simultaneously. The spectro-guide spectrophotometer, with colorguide 45/0 and 11 mm aperture and circumferential ilumination, allows repeatable results and a convenient sample placement.
The standard of observation simulated by spectrophotometer follows the CIELab system, recommended by the CIE (Commission Internationale de l'Éclairage) and widely used nowadays. This consists of two axes a* and b*, which have right angles, representing the size of the shade or color. The third axis is the brightness L*, that is perpendicular to the plane a* and b*. With this system, any color can be specifi ed by the coordinates L*, a* and b*.
After activating the spectrophotometer, 30 LED lamps, with 10 different colors, arranged in a circular shape, focus the light beam at 45º with the material surface. This beam is refl ected back at 0º to the apparatus and thus, it captures and records the values L*, a* and b* of each sample. The instrument transfer color data to Excel ® within a second. In relation to surface roughness, an initial measure was performed using a rugosimeter (Surfcorder SE1700, Kosaka Laboratory Ltd, Tokyo, Japan). The sensing tip of 2 μm diameter, exerting contact pressure of 0.7 mN, performed plotted at a speed of 0.5 mm/s, totaling 12 readings per specimen, 4 in the direction of brushing and 8 perpendicular to this direction. The sampling length or cut-off used was 0.08 mm. Measurements were made using the parameter that is based on vertical measurement (Ra/μm) of surface roughness. The average of 12 readings was used as the measure of each specimen, prior to the testing of brushing, considered the initial roughness (IR).
Then, the specimens of composite resin were divided into four groups: the control group was maintained in artifi cial saliva and the three experimental groups were submitted to cycling in selected drinks (red wine, soft drink and sugar cane spirit) ( Table 2) .
The specimens were kept immersed in artifi cial saliva at 37ºC±1ºC during the interval between the cycles. The drinks were employed in the temperature of consumption, i.e., soft drink±4ºC, red wine±25ºC 25) (CT-155, Cientec, Piracicaba, SP, Brazil), fi ve times a day, with intervals of 2 h. For the control group (specimens kept in artifi cial saliva), the specimens were kept at 37ºC changing daily the artifi cial saliva. These procedures were repeated for 30 days.
The abrasive wear was performed in an automatic toothbrushing machine (MSEt-Marcelo Nucci-ME, São Carlos, Brazil) that simulates the horizontal brushing technique. This instrument was structured with a motor that transferred reciprocating movement to ten soft nylon bristle toothbrushing heads. This brushing was performed one hour after the end of cycling in the solution.
The device consisted of a stainless-steel base with ten independent appliances for positioning the specimens. The specimens were positioned alongside the bristles of the dental brush (Colgate Classic, Colgate-Palmolive Ind/Com Ltd, São Bernardo do Campo, SP, Brazil) and focused on them a load of 400 g.
A solution (slurry) obtained by the mixture of toothpaste (Table 3 ) and distilled water in the proportion of 1:2 in weight, respectively, were injected laterally to the specimens, between the restorative material and the dental brush, before starting the brushing movements.
One hundred and twenty movements of brushing/ day were made (simulating three brushing with 40 movements per day), with speed of 4.5 movements/s 26) with magnitude of tour of 25 mm, at 37ºC (±0.5ºC). This procedure was performed by 30 days.
A new color measurement was performed in all specimens after the fi rst 15 experimental days and at the end of the cycling. After the immersion period, specimens were stored in artifi cial saliva for 7 days, when their surfaces were re-polished and immediately assessed by color. This repolishment was performed with water sandpaper #1200, through the use of a fi xed weight of 500 g for 30 s, thus providing a wear of approximately 100 μm. Color change was analyzed by ∆E values (CIELab system).
The surface roughness of the specimens was reevaluated at the end of 30 days (FR). The response variable was the difference of fi nal roughness minus the initial roughness (FR-IR).
Data were analyzed by two-way ANOVA (solutions; brushing). The time factor was examined individually for color change. Fisher's least signifi cant difference (LSD) multiple-comparisons test was used using statistical software (Origin 8, OriginLab Corporation Northampton, MA, USA) at α=5% signifi cance level.
RESULTS
The data analysis showed that the solutions (independently of brushing) promoted a statistically signifi cant alteration (p<0.05) in the color (∆E ) of the specimens, with red wine promoting the highest change, followed by soft drink and sugar cane spirit, which presented similar results between them and different from saliva (Table 4) . For the brushing factor, it was found similar behavior for the subgroups, regardless of toothpaste.
The interaction of factors showed that the saliva promoted the lowest color change, but when specimens were brushed with Close-Up, there was signifi cant change of property (p<0.05). For the solutions sugar cane spirit and soft drink, it was noted similar behavior among the specimens brushed and non-brushed, an exception for brushing with Colgate. In red wine, it was observed that the subgroup not brushed showed statistically (p<0.05) higher color change than the other and the toothpastes infl uenced the intensity of the alteration, and the GB showed minor changes (p<0.05).
Regarding the comparison of time, it was observed that the saliva had the lowest alterations and statistically signifi cant in relation to the other subgroups. The repolishment promoted a more intense color and statistically signifi cant (p<0.05) in specimens of solutions sugar cane spirit, soft drink and artifi cial saliva in relation to 30 days of immersion. However, for red wine, the repolishment promoted a marked improvement in color and was statistically different in relation to the 15th and 30th day.
Averages and subgroups' standard deviations of ∆E*, ∆L, ∆a and ∆b for 15 days, 30 days and after repolish are described in Tables 4 to 7 .
In relation to brushing, it was observed that this factor increased surface roughness of the composite, regardless of toothpaste used, i.e., the brushed specimens showed roughness values statistically higher when compared with the group without brushing. Analyzing the factor solutions, the specimens stored in artifi cial saliva (control) had the lowest values of surface roughness. These results are better highlighted in Table 8 .
Observing the interaction brushing X solutions (Table 9 ), we can say that the specimens not brushed showed the lowest roughness values in all solutions, when compared with the other associations solution/ brushing. It can also be seen in Table 9 that no solution alone could promote a signifi cant increase in roughness, however, when combined with Colgate toothpaste, it can be seen that, especially the soft drink, promoted a signifi cant change in surface texture.
DISCUSSION
With the improvement of restorative materials and the demand for aesthetic restorations, the composite resin has become the material of choice for anterior teeth restorations 1, 5) . But, despite the improvement of its physical and chemical properties, color stability is still a limitation on the longevity of the restoration 27) . There are in the literature a large number researchers 28, 29) reporting that the resin materials are susceptible to staining after immersion in solutions such as coffee, tea and other beverages. However, when referring to the association immersion in solutions/brushing, few studies have been carried out to demonstrate the changes in physical properties of composites.
In the present study, it was observed that the solutions affected the color of specimens, especially red wine (Table 4) , which promoted a marked color change, probably because the red wine has a high concentration of pigments 4) , visibly higher than the other beverages used in this study. Besides the higher values achieved by the wine, the intensity of this color change would be clinically perceptible. The literature 30) reports that restorations are considered acceptable in relation to its color with a ∆E*ab value lower than 3.7. However, 50% of observers considered a restoration unacceptable when the values of ∆E*ab was approximately 3.3 31) . Study on the correlation of ∆E*ab values and human observer responses verifi ed that a specifi c relationship exists between the magnitude and direction of the measurements and the average dental-observer responses 32) . However, regardless of the acceptability level, in this study, the red wine has reached higher levels as to the threshold perceptible/acceptable color differences, and the threshold of acceptability vary by the shades, and are ∆E*=1.1 units for red-varying shades and 2.1 for yellow-varying shades 33) . The staining caused by sugar cane spirit and soft drink were lower than the red wine, though more intense than the control. This fact can probably be explained by the characteristics of solutions, which can promote the chemical degradation of organic matrix to a greater or lesser intensity and therefore facilitate the material staining. The presence of alcohol in the studied solutions may have provided the softening of resin 34) and consequently promote an irreversible degradation of the material 35) . In this research, the artifi cial saliva promoted a slight color change of specimens, slightly perceptible 29) , similar to those seen by Omata et al. (2006) 36) . According to these authors, the artifi cial saliva can promote staining by the presence of mucin in its composition, which is a yellow-shade substance. However, in this study, this justifi cation does not apply for two reasons: the artifi cial saliva used did not have mucin in its composition and the variation of chromaticity of the blue-yellow axis The same letter represents statistical similarity.
proved to be negative (Table 7) , showing a tendency for the color blue and not for the yellow. So, two possibilities may be raised: the fi rst is the deposition of minerals on the surface of the specimens forming a whitish fi lm, the second would be the increase of brightness (Table 5) of the specimens immersed in artifi cial saliva. Moreover, the discoloration of the material can be affected by the oral conditions and by the exposure time in the oral cavity 37) , as observed in the present study, which found that the higher the time of cycling, the more intense was the color change. These data are discordant of another study in the literature 38) , which observed that the composite resins evaluated presented higher staining between the fi rst 24 h and 7 days. This discrepancy in relation to the time factor can be attributed to the difference between the methodologies, because, in that, the specimens were immersed in their solutions for the whole period of experiment and, in this one, it was tried to simulate a clinical situation 39) and thus the specimens were immersed in their solutions for only 25 min daily.
The brushing, in general, was not able to minimize the color change of resin, suggesting that intrinsic staining occurs beyond the extrinsic, i.e., the resin's affi nity for stains is modulated by its conversion rate and physic-chemical characteristics with water sorption rate being of particular importance 18, 40) . Other important factors that affect the color stability are the surface roughness, surface integrity and fi nishing and polishing techniques.
It was also observed in this study there was no difference in color stability between brushed and not brushed specimens, regardless of toothpaste used, showing that despite the greater roughness of the brushed specimens, did not result in color change. This fact can be justifi ed because, although rough surfaces are discolored by adsorption of pigments, some studies 6, 41) demonstrated no correlation between surface roughness and staining.
In fact, the surface roughness is related to a combination of factors such as size, hardness and the percentage of surface area occupied by fi ller particles 42) , the composition of the monomer 43) the degree of conversion of the polymer matrix of resin matrix 44) and the interaction matrix/particle, as well as the silane union stability 44) . As a result of abrasion by brushing, as well as by the corrosive process (erosion), restorative materials can become rough and wear out 43, 45) . The presence of irregularities can infl uence the appearance, lead to surface discoloration, bacterial biofi lm retention and gingival irritation 7, 46) , increasing the risk of caries and periodontal infl ammation.
Based on the results of this study, the tested hypothesis was partially validated. Although in this study the brushing did not increase the intensity of staining, further studies are needed to establish a correlation between surface roughness and staining, as well as to assess whether the time has direct infl uence on the pigmentation of composite resins.
CONCLUSIONS
According to the results obtained in the present study and considering the in vitro study restrictions, it can be concluded that:
1. Color change of the composite resin was infl uenced only by the beverages; surface roughness was infl uenced by beverages and brushing, 2. Brushing did not affect the color, although it increased the surface roughness, 3. The repolishment was not suffi cient to promote the return of the specimen's color to their initial values, but the discoloration of composite resin can be partially removed.
Disclosure Statement
The authors do not have any fi nancial interest in the companies whose materials are included in this article.
